We summarise the findings of arthropods collected by fogging the canopy of 24 pine trees in two sites in Eastern and Western Norway. From the samples, taken in 1998 and in 1999, almost 30,000 specimens were determined to 512 species, with Diptera being most species rich (210 species), followed by Coleoptera (76 species) and Araneae (49 species). Of the 96 new species records, nine were new to science (5 Diptera and 4 Oribatida), two were new to the European, three to the Scandinavian and 82 to the Norwegian faunas. The paper demonstrates the need for detailed faunistical inventories of European forests.
Introduction
With the development of new methods in the early 1970's to access tree canopies, the study of arboreal arthropod communities changed from guesswork to highly accurate scientific standards. Deforestation especially in tropical regions encouraged scientists concerned with biodiversity loss, conservation issues, ecology and systematics to document the species and ecological systems associated with the largest proportion (by volume) of the forests, viz. the forest canopies. As a consequence, currently a large array of methods exist to gain access to the canopy, ranging from aerial trams and systems of ropes, pulleys and ladders to methods using insecticide fogging. While the arboreal arthropod forest-canopy research still is in its infancy, it has nevertheless documented a highly specialised fauna virtually wherever carried out. The number of arthropod species that may exist on Earth is continuously being discussed; partly as a consequence of recent canopy studies, the most optimistic estimates suggest a number as high as 50-80 million species (Erwin 1982 , 1991 , May 1988 , Stork 1988 . However, more modest global species richness estimates, also based upon canopy studies in the tropics, suggest a number of species as low as three million (e.g. Ødegaard 2000) .
While the faunistics of several conifer species have been investigated to some extent, the associated fauna of pine canopies, particularly in Europe, is rather poorly known (Höregott 1960 , Basset 1985 , Borkowski 1986 , Tenow & Larsson 1987 , Cmoluchowa & Lechowski 1993 , Simandl 1993 , Bankowska 1994 , Chobotow 1994 , Cholewicka-Wisniewska 1994a , b, Czechowska 1994 , Kolodziejak 1994 , Sterzynska & Slepowronski 1994 , Wasowska 1994 , Docherty & Leather 1997 , Brändle & Rieger 1999 , Gunnarsson et al. 1999 , Aakra 2000 , Ozanne et al. 2000 , Thunes et al. 2003 . Moreover, most of these studies do not present a complete coverage of the fauna at a specific time, as only parts of the canopy were sampled, sampling had been extended over a very long period of time or samples were not identified to species for all groups.
This study is the first attempt to inventory the arboreal arthropod fauna associated with Scots pine (Pinus sylvestris L.) in Scandinavian forest. It was initiated in 1998 as part of a larger biodiversity program, Miljøregistrering i Skog, funded by the Norwegian Ministry of Agriculture. This paper will focus on the faunistics, whereas other papers investigate in more depth ecological aspects of major arthropod groups (e. g. Hagan et al. 2000 , Hauge & Nielsen 2001 , Thunes et al. 2003 . We present the complete list of identified taxa found in the investigated pine canopies, with ecological discussion on the most important species. Also, as many of the taxa identified in this study rarely are treated in other surveys, the number of rarely recorded species is unusually high. Thus, a general discussion of rarity and red lists is given.
Material and methods

Study sites
The study was carried out in two forest sites in Norway (Fig. 1) . One site, Geitaknottane in Kvam municipality (Hordaland County, 5°53' E, 60°05' N, , was a Pinus sylvestris dominated coastal forest with scattered Juniperus communis, Sorbus aucuparia and Betula pubescens. The other site, Heimseteråsen in Sigdal municipality (Buskerud County, 9°25' E, 60°03'N, 400-450 m a.s.l.), was a P. sylvestris dominated boreal forest where also B. pubescens and Picea abies were abundant. Additional site details can be found in Ihlen et al. (2001) and Thunes et al. (2003) .
Data collection
In Kvam, we sampled six trees between 26 and 29 May in 1998. In Sigdal, a total of 18 trees were fogged: six trees between 5 and 9 June in 1998 and 12 additional trees between 19 June and 17 July in 1999. To sample the arthropods, we used 1% synthetic pyrethroid (PySekt), dissolved in non-aromatic white spirit. While standing on the ground, we emitted the solution using a motorised canopy fogger (Swingfog 50) that heats up the gas that consequently rises into the canopy as a visible fog. It is, then, easy to observe if the entire tree has been treated. To avoid drift-away of the fog and to minimise disturbance, all trees were treated before dawn after a windless and dry night.
Increment core samples were taken in order to age each tree. We then separated the samples to be from either old (250+ years) or mature (70-110 years) trees.
Clean plastic funnels (diameter 30 cm) were examined for unwanted taxa, and placed concentrically on the ground to collect arthropods falling from the fogged canopies. Circles of funnels were placed 0.5 m apart from each other. Within each circle, the funnels were 1.0 m apart at Kvam, and 0.5 m apart from each other at Sigdal. The funnels remained on the ground for ca. one hour after fogging. Material collected from a given circle was pooled into one container, representing the sample from that circle.
Almost all the arthropods were identified to species by the following authors who also provided some faunistical information of the respective groups. John Skartveit -Coleoptera and Diptera: Lonchaeidae, Bibionidae, Pseudopomyzidae, Scatopsidae and Blattodea. Josef Starý and Torstein Solhøy -Oribatida. Arne FjellbergCollembola. Sverre Kobro, Sueo Nakahara, Richard zur Strassen and Gijsbertus VierbergenThysanoptera. Ryszard Szadziewski, Daniel V. Hagan and William L. Grogan Jr. -Diptera: Ceratopogonidae. Terje Jonassen -Diptera: Hybotidae, Empididae and Dolichopodidae. Kjetil Aakra -Araneae. Johannes AnonbyPsocoptera. Lita Greve -Diptera: Lonchaeidae, Lauxaniidae, Acroceridae and Pallopteridae, Raphidioptera and Planipennia. Berend Aukema -Hemiptera: Heteroptera. Kai Heller -Diptera: Sciaridae. Verner Michelsen -Diptera: Anthomyiidae, Muscidae, Fannidae, Calliphoridae and Sarcophagidae. Jean-Paul Haenni -Diptera: Scatopsidae. Alexandr F. Emeljanov -Hemiptera: Auchenorrhyncha. Per Douwes -Hymenoptera: Formicidae. Kai Berggren -Lepidoptera. Jutta Franzen, R. Henry L. Disney and Sabine Prescher -Diptera: Phoridae and Sphaeroceridae. Kjell A. Johanson -Ephemeroptera, Plecoptera and Trichoptera. Boris Mamaev -Diptera: Cecidomyiidae. Sigitas Podenas -Diptera: Tipulidae, Limoniidae and Pediciidae. Stig Andersen -Diptera: Tachinidae. Stephen D. Gaimari -Diptera: Chamaemyiidae. Emilia Nartshuk -Diptera: Chloropidae. Geir E. E. Søli -Diptera: Mycetophilidae. Laszlo Papp -Diptera: Acartophthalmidae, Borboropsidae and Milichiidae. Fred Midtgaard -Hymenoptera: Symphyta. Arild Andersen -Diptera: Agromyzidae. Michael von Tschirnhaus -Diptera: Agromyzidae. Gerhard Bächli -Diptera: Drosophilidae. Kjell M. Olsen -Chilopoda. Hans Olsvik -Odonata. Mihály Földvári -Diptera: Pipunculidae. Jan E. Raastad -Diptera: Simuliidae. Lars O. Hansen -Hymenoptera: Vespidae. Per Djursvoll -Diplopoda.
The following taxa were not identified to spe-cies level due to the lack of taxonomical expertise or time restrictions. Diptera: Chironomidae and some minor families, Hymenoptera: Parasitica and some Aculeata except ants, and Acari except Oribatida. The majority of the material will be deposited in the collections of the Norwegian Forest Research Institute, Ås. Some collaborators retained voucher specimens for the collections of their own institutions. Type material of two species of Diptera: Ceratopogonidae that were described from this material is deposited in the University of Gdansk, Poland. Six additional species (four Acari: Oribatida, two Diptera: Cecidomyiidae) await description and will subsequently be deposited in the Academy of Sciences of the Czech Republic and the Russian Academy of Sciences, St. Petersburg, Russia, respectively.
Assignment of new faunistical records and central references for ecological information
To assign Diptera species as new records is mostly based on the information by Darvas (1997, 1998) , but also on considerations and recommendations from the authors. For other groups, a species is assigned a new record also when it is represented in collections but is yet, to our knowledge, to be published.
Results
Faunistics
The complete list of species is presented in the Appendix and in Figs. 2-3. Altogether 29,736 specimens were identified to 512 species. Ninetysix species were new to the Norwegian fauna (78 Diptera; 10 Oribatida, 3 Araneae, 2 Thysanoptera, 2 Hymenoptera and 1 Psocoptera) (Table  1) . Of these, nine species were new to science; two ceratopogonid midges have recently been described by Szadziewski and Hagan (2000) . In addition, three of these species were new records for Scandinavia and two were new European records. One Diptera family, Borboropsidae, was recorded from Norway for the first time.
As conifer needles are a relatively poor nitrogen source, compared to leaves, and the epiphytic cover is almost negligible in these forests, compared to old-growth conifer forests of western United States and Canada, we did not expect a very high number of specimens (Schowalter et al. 1988 , Recher et al. 1996 , Winchester & Ring 1996b . Nevertheless, in the 24 trees, Oribatida was the most abundant taxon with 8,532 specimens (29.0% of the total invertebrate catch), followed by Collembola (19.9%) and Diptera (19.8%) (Fig. 3a) . When ranked, these numbers are very close to results from similar studies carried out in temperate and tropical regions (e. g. Ammer & Schubert 1999 , Fagan & Winchester 1999 , Palacios-Vargas et al. 1999 .
Diptera and Coleoptera were the two most species rich groups in both study areas (Fig. 2) . Altogether they comprised almost 50% of the number of species (alpha diversity) collected in 1998. In 1999, the percentage represented by these taxa was even higher (59%). Spiders, which have been shown to be very abundant in canopies, did not exceed 10% of the species in either Kvam or Sigdal (Fig. 2b-d) , and the number of specimens was very low (Fig. 3b-d) . While Diptera constituted one-third of the specimens collected in Kvam (Fig. 3b) , the thysanopterans constituted more than one-third (36%) of the Sigdal material collected in 1998, with the dipterans represented by less than one-fifth (17%).
It is particularly interesting to see the drastic change from 1998 to 1999 in the material from Sigdal ( Fig. 2c-d) ; the proportion of Thysanoptera was more than quartered while the proportion of Oribatida was doubled. The proportion of Diptera and Collembola in the samples was strikingly similar between the two years. Thysanoptera, Collembola, Oribatida and Diptera made up 94% of all specimens sampled from Sigdal in 1998, while the same groups constituted 84% in 1999. Thysanoptera dominated the 1998 samples (36%), while Oribatida played the most important role in 1999 (37%).
Species records
Araneae
Three species, viz. Entelecara flavipes (Blackwall), Theridion pinastri L. Koch and Dipoena torva (Thorell), of totally 49 species were new records for Norway. The faunistics of spiders is relatively well known in Norway (K. Aakra, pers. comm.) , and even though the three species were found in low numbers, both D. torva (an ant predator) and T. pinastri are species known to be associated with pine forests. Aakra (2000) 
Collembola
Thirty-four Collembola species were found, and none of these was new to the Norwegian fauna; instead, all species are considered common. Lepidocyrtus lignorum (Fabr.) and Entomobrya nivalis (L.) were the dominating species, constituting over 90% of the total material. It is note-ENTOMOL. FENNICA Vol. 15 • Arthropods of Scots pine canopies 71 worthy that 98% of the specimens of Hypogastrura socialis (Uzel) were sampled from one single tree in Sigdal in 1998. The species is known for its aggregation behaviour and is often reported undertaking large mass migrations on the forest floor.
Hemiptera
Of the 18 species found, none were new to the Norwegian fauna. Moreover, the following species are to varying extent associated with pine: Plesiodema pinetella (Zetterstedt) and Phoeni- Liposcelis silvarum (Kolbe) is the only free-living Norwegian species of a genus otherwise known for its several domestic species (the "book-lice"). The flattened body may be an adaptation to life under flakes of bark on tree trunks, habitat for several Central and Southern European species. Rather few finds of L. silvarum are known from Norway. Its abundance in our material, particularly in the inner parts of the canopy, suggests that the species prefers the tree trunk and inner parts of the branches, where it is not readily collected by the "beating tray" most often used for Psocoptera sampling. It has not previously been found in Western Norway; together with its absence on the British Isles, this supports an idea that the species prefers dry climate.
Thysanoptera
Of fourteen species of thrips, two were new to the 
Lepidoptera
Almost the entire moth sample was collected as larvae, and most of the species are also known to feed directly on needle material. In the list of species (Appendix), the following species that include all the common species are ubiquitous pine specialists: Hylaea fasciaria (L. Because no Diptera larvae were identified, it is difficult to assign specific host associations. However, based on the limited information available for many dipterous groups, the following taxa are probably associated with pine to some extent: all the species of Chamaemyiidae from this study are predators associated with pine living Adelgidae (Aphididae) in the genus Pineus. Although there are no relevant biological records for the lauxaniid species Minettia lupulina (F.) in the Palaearctic, several species of Minettia s. str. have been reared as saprophages from decaying cones and club tops of various gymnosperms, including species of Pinus. Moreover, the sciarids Ctenosciara hyalipennis (Meigen) and Epidapus gracilis (Walker) are very numerous in conifer forests. The hybotid species Tachypeza nubila (Meigen) and Medetera of the family Dolichopodidae are commonly found on tree trunks. Empis (Anacrostichus) lucidus (Empididae) is known to copulate on the branches on coniferous trees. Members of the genus Lonchaea (Lonchaeidae) and Palloptera usta (Meigen) (Pallopteridae) and Medetera (Dolichopodidae) are associated with bark beetles. The ceratopogonid midge Forcipomyia nigrans Remm has been collected on rotting pine debris. The two species of Lasiomma (Anthomyiidae), Mydaena sootryeni Ringdahl (Muscidae) and Fannia verrallii (Stein) (Fannidae) are extremely rarely collected by conventional insect collecting methods. Even though they are not abundant in our material, their presence indicates an association with canopies beyond accidental visits. Finally, the phorid genus Menozziola is an ant parasitoid and may parasitize arboreal ants.
Hymenoptera
Two species of Symphyta, Pristiphora coniceps Lindquist and P. pallidiventris Fallén, were new to the Norwegian fauna. The former species is associated with Salix, while the latter is associated with species in the family Rosaceae. The few specimens found, suggest no obligatory relationship with pines whatsoever. Xyela julii (Brebisson) is strictly associated with pine however, as it feeds from pollen of male pine flowers. All the sampled species of Formica and Lasius are common species in conifer forests.
Coleoptera
The majority of the beetle species recorded are somehow linked to Scots pine, either inhabiting or feeding on dead or living trees, or on other insects associated with the trees. 
Discussion
A few species present may indicate some degree of pollution of either the water used to dilute the alcohol, Calluna specialists entering the funnels from the ground or specimens brought with the funnels from the storage. The aquatic Limnozetes rugosus Sellnick (Oribatida) is probably present due to contaminated water. Hyledelphax elegantula (Boheman) (Auchenorrhyncha) might also be a contaminating species, because it is considered as being associated with Calluna heaths and Vaccinium wood glades. Dorypteryx domestica (Psocoptera) was probably hidden in the funnels prior to sampling, because this domestic species has previously been unknown from nature.
Are the pine canopies that special?
Based on results from temperate and tropical studies, canopies represent a unique hotspot for invertebrate biodiversity (e.g. Winchester & Ring 1996a , b, Stork et al. 1997 , Walter et al. 1998 . Pine canopies seem to be no exception, but their importance is missed at the conventional sampling height of 1.5-2 m. However, broadleaf species such as Quercus, Fagus, Betula and Salix have been shown to be comparably much richer (Overgaard Nielsen 1975 , Overgaard Nielsen & Ejlertsen 1977 , Gjelstrup 1979 , Southwood et al. 1982 , Ammer & Schubert 1999 . Nevertheless, 510 species, almost 30,000 specimens and almost 20% [(96 new spp. / 512 spp. altogether)*100] new species to the national fauna sampled within a total time span of roughly 24 hours is a very high 'revenue' compared to any conventional method and sampling regime. It is, however, important to take into consideration that many, if not most of the taxa with new records are disregarded or assigned to morphospecies in most studies, usually because of the lack of taxonomic expertise or small budgets granted to species identification. Moreover, species richness per se does not necessarily tell much about the uniqueness of the canopy fauna for a given species of tree. Complimentary species, i.e. those that are not found elsewhere, may be more important to be considered when comparing relatively species-poor pine trees with e.g. oak.
Probably the most advantageous feature of canopy fogging is that one can be certain of the origin of the material; even 'tourists' are definitely present in the canopy upon sampling. One cannot ascertain, however, that the entire material is obligatorily associated with canopies per se, and wood borers and several phytophagous species (e. g. miners) are underrepresented in this kind of material. Even if they are killed by the insecticide fog, they will remain inside their habitat. However, many dipterous species use overhanging branches or the canopy as reference points during swarming (Chvála 1983 (Chvála , 1990 ). Consequently, a number of species not directly associated with canopies, such as Euthyneura myrtillii, will be over-represented in such material, as corroborated by the high proportion of males in our material.
How valuable are faunistical lists?
This study demonstrates how little we know about the arthropod fauna in temperate forests. Huge efforts have been put into documenting the fauna and flora of tropical rain-forest canopies, but so much information awaiting to be revealed is hidden also within temperate forests. Many of the species we collected in the present study are clearly associated with pine trees, but most of the species are not. This raises a critical question to how we set a price on natural values. The red lists of species are often used as an alibi for habitat conservation or perhaps more commonly the opposite, habitat destruction: if only a few currently red-listed species are present in one area, its value is lower than the value of another area with more red-listed species. In Norway, the only red-listed arthropod groups are spiders, beetles, Lepidoptera and some minor groups, mainly aquatic insects. Apart from these groups, none of the species-rich groups in forests are faunistically or ecologically well known enough to be included in the list. Counting both number of species and specimens, these groups (with beetles as an exception) are most abundant in the pine forest, at least in canopies, the part of the forest making up the largest proportion of its volume. Paradoxically, because of the lack of taxonomists, these groups are rarely studied, and because of the lack of studies, their significance is neglected. However, the present paper, representing the first step of describing the canopy fauna of pine trees in Norway, substantiates the need for further basic faunistical surveys and studies. 
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